Two MAKO 5436 compressors were purchased by NEDU and evaluated as directed by reference (1). The test was to verify that the compressors discharged suitable breathing: air-and had a service-life which satisfied the requirements for divers air supply compressors throughout the Navy. If satisfactory the MAKO model 5436 would be recommended for ANU, reference (2).
There are various methods of testing compressor capacities. For the purposes of this compressor test, NEDU chose testing consisting of charging a single 78.8 cubic foot (floodable volume) high pressure air flask from 0 to 2400 psig. This method closely simulates the use a compressor would experience in the field. To date the compressors have been operated a total of 236 hours. The testing included subjective evaluation of the system operation but did not include detailed mechanical review of the individual components of the system.
II. EQUIPMENT DESCRIPTION

A. GENERAL
The MAKe 5436 compressor (Figure 1 ) is a four stage, single acting, 90 degree Vee configuration, which provides complete primary balance.
Air enters the machine through a filter/silencer and is compressed by the first stage piston, after which it passes through cooler tubes to the second stage for further compression. Cooled again, the process is repeated through the third stage, after which it is cooled again before entering the final stage compression.
After further cooling the air is delivered at the designed pressure to the system. Cooling is by water through the jackets and passages, either from the mains or by a self contained, radiator cooled, system. Sea water cooling may be used for marine applications.
Drive is by either a flange mounted motor or by a v-belt transmission from a suitable power source, such as electric motor or internal combustion engine.
For this particular installation the prime mover was a Baldor 75 horsepower, three phase 460/220 volt, electric motor.
Rotational torque was transferred to the compressor by 5 v-belts.
Cylinders are bolted to the crankcase in a 90 degrees Ve. formation and the second, third and fourth stage cylinders are fitted with liners.
Main bearings bushes, big end bearings halves and small end bearings are all replaceable.
First and second stage pistons are of conventional design and, the third stage has an integral piston and crosshead assembly.
The fourth stage has a floating solid plunger fitted to a crosshead. All pistons are fitted with plain piston rings.
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Multi-stage coolers are fitted after each compression stage and are maintained by four access doors. First, second and third stage coolers are fixed, while the fourth stage has a removeable tubestack.
All stage valves are of the flat-p'late;--low lift,
-muti-pofted-type-and. .-combine both suction and delivery functions. Ease of access, one valve cover per cylinder and good flow characteristics are a feature of this reliable valve design.
B. LUBRICATION
The manufacturer recommends the compressor be "run-in" on normal mineral type oils (i.e. 2190 TEP) for approximately 100 hours, then accomplish an oil change to synthetic oil. One of the recommended synthetic oils is Anderol 500, which is stocked in the Federal Supply System.
A forced lubrication system is utilized, conveying oil to the big end and main bearings via a filter and crankshaft passages. The connecting rods are drilled to supply small end bearings/bushes.
Oil is forced through the bearing clearance an thrown off the rotating crankshaft to ensure and adequate supply to cylinders, pistons and crossheads. Return flow oil is drawn through a strainer and excess pressure regulated by a spring loaded relief valve. Oil pressure is gauge indicated and sight feed glasses allow observation of the feed rate of the third and fourth stage mechanical lubricator.
The crankcase is filled through the filler fixing on the main bearing housing and the oil level is indicated in a sight glass on the crankcase end plate. The cylinder lubricator tank has a lifting cap on top for filling purposes, except when automatic top-up system is out fitted.
Lubricating oil to the recommended specification must be used at all times to ensure safe and efficient operation with minimum wear and protection against moist air corrosion. Recommendations are the result of extended research at Reavel Works and all responsibility for the use of an oil other than that recommended is placed on the purchaser and his oil supplier.
C. CONTROLS
For starting purposes, automatic or manual unloaders/drains are fitted to all stages.
Automatic unloaders provide initial venting when starting and close as the compressor attains operational speed, opening again for condensate draining when the machine is shut down.
A timer may be incorporated in the unloading circuit to effect timed drainage (compatible with environmental and operating conditions). High humidity requires more frequent draining.
Pressure safety valves are fitted at each stage.
Oil and air pressure gauges for each stage are mounted on a common panel.
Low oil pressure and high temperature switches are standard equipment.
A bursting disc is installed to relieve excessive pressure build up or freezing water in the water passages. Excessive pressure or freezing will rupture specified pressure disc to relieve internal pressure.
III. TEST PROCEDURE RESULTS
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a.
The compressor was received and set up in accordance with the maufacturerls instructions, reference (3). The unit was installed in the Ocean Simulation Facility (OSF) high pressure air system. APPENDIX A contains the complete test plan and the pass/fail criteria used during the evaluation. APPENDIX B is the test log and contains the recorded data.
A. ENDURANCE TEST
The compressors have been successfully operated for a total of 236 hours to charge the OSF high pressure air system per APPENDIX A.
The following parameters were recorded: 
D.
AIR SAMPLING
The results of air samples taken at 2 hours, 6 months and 12 months of operation are shown in APPENDIX D. The air compressed by these compressors has been used to supply humerous SDV operations, SCUBA dive8 and used to . pressurize the OSF on 12 separate saturation dives. Prior to each saturation dive gas samples were taken on the air system and OSF complex. All samples were within limits established by reference (4).
E. MAINTENANCE
Scheduled maintenance was performed in accordance with the manufacturer's instructions and consisted of a lubricating oil change and cylinder inspection at 112 hours of operation. The MAKO 5436 compressor unit was easily maintained. The maintenance manual for the compressor is considered adequate.
IV. CONCLUSIONS
Evaluation of the MAKO 5436 compressor revealed the following:
1.
The MAKO 5436 compressor delivers acceptable breathing air at a charge rate and volume which meet's or exceeds the manufacture's specifications.
2.
The unit is sturdy, reliable and readily maintained
3.
The operating and maintenance manuals for the compressor are adequate.
4.
The MAKO 5436 compressor is suitable for use by the US. NAVY. Reference (a) directed NEDU to "Survey the commercial domestic market to determine if currently available high and low pressure compressors are applicable for fleet use. If applicable obtain compressor systems as required for evaluation. Make recommendations for inclusion on Approved for Navy Use (ANU) listings-.
2. Test Parameters. Evaluation of the compressor will be conducted as follows: a. Receipt of compressor at NEDU, Panama City.
b.
Conduct inspection of compressor using manufacturer's instruction manuals references reference (b) to ensure all parts and material are received and on hand.
c. Using the manufacturer's technical manual reference (b) for the specific air compressor and its components, inspect for and determine if the following items exist and/or comply, and record results and coments in Annex A:
(1) All Instruments and controls are clearly and permanently marked according to their functions.
(2) All controls, gauges and indicators necessary for operation of the compressor are visible and convenient to the operator.
(3)
Safety devices are provided and audible and/or visual warning functions as specified.
(4) Liquid level indicators accurately display liquid level.
(5)
All removable components can-be removed and properly re-installed in working conditions using the manufacturer's operating manual i.e. filters.
A-4 (6) All drain, trap and safety valve discharge ports will function without splashing, -are cfncir loat-ed, -ad -r -dvay from operating personnel.
d. Have all instrumentation provided by manufacturer compared and or calibrated, and accompanied with certification.
e. Conduct Testing in accordance with the procedures set forth in section 4.
Preliminary Arrangements a. Arrange for air analysis to be conducted as required per reference (c).
b. Prior to the actual test procedure the air compressor system shall be operated then shut down when the system is at maximum pressure and the following steps accomplished.
(1) Hold pressure.
(2) Allow the system to cool Co ambient temperature.
(3) After temperature has stabilized, record the storage flask pressure.
(4) After an eight hour period, record pressure again.
(5) Leak rate shall be zero.
4. Test Procedure. The following test procedures will be conducted as specified, and the results entered in the log sheets, Annex A. a. Take air samples at hours 2 hours operation, regular 1KS intervals and anytime air quality is questioned.
b. Log the following measurements on the log sheet Annex A. 6. Logistical Suvort. Air Analysis per reference (c).
7.
Report Production.
The test report will be written and prepared by the Test Director and submitted for approval to the Commanding Officer via the Task Leader. Estimated and publication date is six (6) weeks following completion of testing. Test Directors will be the point of contact for NEDU concerning this test and will be appointed by the Task Leader.
8.
Termination Criteria. The following is Failure Criteria for the suitability for the specific compressor system for ANU:
Failure of any component which cannot be corrected In accordance with the recommended schedule of maintenance.
(2) Failure of the diving air system to operate as specified by the manufacturer' s instruction manuwls.
(3)
Failure of the valves to operate as specified.
(4) Failure of the pressure relief valves to operate as specified.
(5) A decrease in capacity of the compressor during this performance evaluation.
(6) A discharge air temperature from any cylinder in excess of manufacturer's specifications or recommendations.
(7)
Failure of the air samples to pass breathing air specifications as listed in reference (e). Results of air sample from NEDU bottle* 71. 1800 psi.
1.
In accordance with your request, on 13 Oct 1989 the air sample delivered to the gas analysis lab was analyzed and found to'contain: 
